Chaetoceros is a large, ecologically important genus of marine planktonic diatoms. While the vegetative cells of this genus grow under favorable growth conditions, many species also form resting spores to survive environmental stress. The morphology of these spores differs markedly from that of vegetative cells. This review summarizes the morphological characters of vegetative cells and spores of Chaetoceros species, in order to better understand the life cycle and ecological significance of this species.
Introduction
The genus Chaetoceros Ehrenberg is a large, ecologically important genus of marine planktonic diatoms that are found in coastal and upwelling regions (e.g. Rines & Hargraves 1988; Hasle & Syvertsen 1997; Jensen & Moestrup 1998) . This genus includes important primary producers but some species also cause harmful algal blooms in coastal areas. Several species on plankton stage have been reported as being capable of blocking fish gills by forming mucilaginous colonies, which eventually leads to death of the infected fishes (Smayda 2006; Sunesen et al. 2008 ). In the Japanese coastal area, Chaetoceros blooms cause serious economic damage to Porphyra thalli (Nori) in aquaculture (Oyama et al. 2008) . Bleaching exhausts the nutrition of Nori during the harvest season, leading to loss of quality and value of the Nori products.
Chaetoceros is a diverse genus, comprising approximately 400 species (Hasle & Syvertsen 1997), of which 218 species were accepted taxonomically by Guiry & Guiry (2016) . A recent study revealed that Chaetoceros is the most abundant and diverse diatom genus using a metabarcode approach applied to the TARA-Oceans data (Malviya et al. 2016) . Many species of this genus form long chains of cells (Fig. 1) . Gran (1897) divided Chaetoceros into two subgenera, namely Pheoceros and Hyalochaete. This division is based on the configuration of the chloroplasts; Pheoceros species have chloroplasts in the setae (Fig. 1A) , while Hyalochaete species do not (Fig. 1B) . Phaeoceros was replaced by Hendey (1964) with Chaetoceros since the subgenus that includes the type species (C. dichaeta) has to keep the epithet of the genus. These subgenera were further divided into 22 sections based on morphology (Ostenfeld 1903; Gran 1908) . However, it is difficult to accurately estimate the number of species within this large genus, because limited information is available on the morphological ultrastructure for many species, especially for the small-sized species. Figure 2 shows the life cycle of Chaetoceros species. Species of this genus reproduce vegetatively by mitotic cell division. Division leads to size reduction and vegetative cell size is restored by auxospore formation. Many of these species are known to form resting spores under unfavorable growth conditions (e.g. Garrison 1981; Hargraves & French 1983; Itakura et al. 1993 Itakura et al. , 1997 Kuwata et al. 1993; Oku & Kamatani 1995 , 1997 , 1999 McQuoid & Hobson 1996; Itakura 2000) . Resting spores have the ability to tolerate unfavorable growth conditions, such as nutrient depletion (Hargraves & French 1975 , 1983 Garrison 1984; Itakura 2000) . Furthermore, resting spores play an important role in providing a seed population for subsequent blooms in the water column (Gran 1912; French & Hargraves 1980; Garrison 1981; Itakura et al. 1997 Itakura et al. , 1999 Itakura 2000) . The morphology of these spores differs markedly from that of vegetative cells (Figs. 1 & 3) . In general, resting spores are formed form inside the frustules of vegetative cells (Fig. 3) . Vegetative cells are weakly silicified and easily dissolve after formation of resting spores, whereas resting spores
